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SECTION I, FIELD STUDIES

A STUDY OF THE EFFECTS OF SONIC BOOM ON
GROWTH AND REPRODUCTION OF WILD BIRDS

Conducted by
Dr. Joe C. Truett

March 1, through August 15, 1973
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TINTRODUCTION

This report attempts to assess possible adverse effects to
reproduction and early growth of free-nesting wild birds as a consequence
of overflights of aircraft at supersonic speeds. Experimentation upon

which the report is based was conducted by.DPr. Joe C. Truett and Dr.

WJames G. Teer under a cooperative agreement with the Federal Aviation

Administration (FAA).

Field studies were performed in spring and early. aummer, 1973, in
Somervell and 7osqug Counties, Texas, nbout 50 miles southwest of the
Fort Worth-Dallas’metropolitan area. Experiments were designed to
appraige reproductive success and early growth in birds on a test eite,
sukjected to periodic "sonic booms" created by overflying aircraft, and
on a control site not affected by scund and prewsure changes produced
by "booms". Final evaluations of factors influencing sroductivity of
bird populations on the test area wers made with comparative data from
the control area at hand. The primary objective was to isclate possible
influences to normal reproduction and growth that could not be relegated

to "natural® causes.
METHODS OF STUDY

Selection of Study Sites

4 test site and a control site on which to conduct nesting studies
were selected, Although exact duplication of habitat type was not
possible, the areas chosen were as alike in soil parent material, vegetation
type and cultural practices important to bird productivity (farming, water

2

£




supply) as could be found in the time available for site selection.

Jest Area

The test area was selected on two bases: (1) accessibility, and
(2) nearness to the flight path of supersonic aircrait originating from
Carswell Air Force Base. Figure 1 shows.the geographic location of the
flight path of these supessonic aircraft near Glen Rose in Somervell
County. This plotted flight path was provided by tne FAA. The three
sites used collectively as a test area are ghown in relation to the flight
path.

Area A, the main stucr site, was property owned by Texas Utilities
Services, Inc. Some additional informaticn was gathered on the Glen
Rose Golf Course (Area B) and on the northern end of Dinosaur Valley State
Park (Area C) during May and June.

Control Area

The Parks Ranch in Bosgue County, near Pighway 22 between Meridian
and Cranfills Gap, was chosen as a contrxol site (Figure 2).

Reasons for sslecting the Parks Rench &s a control site vere:
(1) It was far enough away from the supersonic flight path (approximately
29 airline miles) to be essentially free}ftom ajircraft-generated sound
and pressure~change disturbance (pers. comm., Col. Jamey Jameson, FAA,
Meacham Air Field, Ft. Worth, Texas), (2) It was close enough to the
test area to preciude the necessity for extensive travel between the two
asreas, (3) unobstructed access to a fairly large land area (5,000 acres)

was agvailable there, and (4) most important, soils, vegetatioun types,
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and bird species present weére vciy siniiig to those on the test d;ia;

Monitoring of Sonic Boom Disturbance

Instrumentation to measure the frequency gnd intensity of sonic

booms along the £light path near Glen Rose was in operation at the Post
Office Building in Glen Rose, and at the Bar L Rench 6 miles NWW of Glen
Rose (Figure 1). Data from these !AAr;perated stations were used as a
measure of the frequency of sonic booms to which the test areas were sub-

jected. Occurrence of all pressure changes of one pound per square foot o

3 e N ey g b
SR o bR o A NSRS 5D

and greater at these stations were tabulated. Model 529 Sonic Boom :

AR R

Detectors (Figure 3) were used at these stations for recording booms.

These detectors were manufactured by Telephonics Instruments Systems in

Huntington, New York.

1ot dtnemsaio £ R CRR T B WA

Five sonic boom detectors of the same model were provided by the
FAA for installation on the study areas. Originally thiee of these

detectors were put on the ‘controcl area and two on the test area (the first

G AT AR e N N B Ay §BY

week in April). Subsequent experience indicated that considerable mel-

> al yonsT

functiorning of these detectors could be expected, sc all functional units
were kept on the control area after mid-April. These portable detectors
were maintained on the control area until the termination of field study

go that any sonic boom disturbance to that area could be monitored.

Ascertaining Reproduction and Growth of Birds.

During early March, both the test area and the control area were
systematically searched to (1) familiarize myself with the distribution
of vegetation types and subtypes on the areas, (2) find the distribution

4
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by TAbLEAE-type.of 14 bird Tasts, Particulaily of the.specits selected
for study; eal (3) 160k for bird nests in use. -

As soon as birds begin nesting, a schedule of two visits per week
to esch nev nast: wés set up. Each new nast gm clagsiified as to species,
stige of ‘the nestisg process (L.a., nusber of eggs, nusber asd age of
young), nest 19citioh. and hebitat type, Aé:eacb revisit, the stage of
nesting and presence or absence of adult birds at the nest were recorded.
Any unususl or qbnb:nal phenomensa or occurreaces seen were noted.

After experience had indicated which vegetation gubtypes on each
area contained the greatest nesting densities of the bird species to be
studied, sea°ches for new nests were mostly restricted to those kinds of
habitat (Figures 4 and 5). Searches were generally made du¥ing nest-check
tours. In addtion to the semiweekly searches associated with nest~
checks, new areas ware investigated for bird nesting throughout the study
as time permitted. New areas were explored to a much greater extent on
the test area, where relatively low nesting densities made extensive
searching effort imperative as the study progressed.

Bird Species Studied.--M-urning doves, mockingbirds, cardinals, and
scissor-tajled fiycatchers were originally chosen as the principal species
for study on the two areas. In May it became evident that the acissor-
tailed flycatchers would not begin nesting soon enough, so lark sparrows
were used inastead of the flycatchers. An effort was made toc f£ind 100
mourning dove nests. on each zrea, and to find as many nests of the other
three specles as possible.

All bird nests found that contained eggs or young were followed to

5
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térmiggfioq.«tégiféiisi=6£»§§éé;é§. Rééotdq wite kept of hégghing égtgs,
and of approiﬂiété fledging dates for each neéting effort tﬁat~pr§dﬁced
young.

Nest Examination Techniques.-~Twice a week I examined the contents
of each nest with the aid of a small mirror affixeéd to the end of an
extendable bamboo pole (Figure 6). Notation was made of presence or ab-
sence of the adult bird on the nest, number of eggs in the nest and number
and estimated age of yoﬁng. Age of young doves was .estimated by compari-
son to a pictorial chart provided by Hanson and Kossack (13963). Age of
young of other species was approximated by experience gained during the
study. ‘

Caugses of interruptions in normal egg and young development (pre-
dation, windblow, starvation) could usually be substantiated by careful
investigation of the immediate premises. Adult bird feathers in profusion
on or beneath the nest normally indicated predation on the adult (Figure
7). Nest disarrangement coupled with missing eggs or young was apparently
predation. Egge smashed on the ground from a nest in an unstable position
usually meant ioss frem windblow. In cases where less evidence was
available for interpretation, a subjective judgement based on experience
was made.

As soon a8s a nest became empty, the development of that particular
clutch of eggs was considered terminated. Any new nesting activity in
the same nest was called a different nest.

A conscious effort was made Lo duplicate nest examination procedures

as nearly as possible from the test to the control area, to prevent

6
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differénces in nest development by dissimilafiy in treathment.
Brd Cali-Count Census.~—A standard 20-mile bird call-tount route
wvas cstablished near each ;tudy area (Figutesvl & 2) and vas run about

twice a month. Along these routee, driven by auto, 2 three-minute

listening stop was made each mile, beginning thirty minutes before sunrise

and ending one and a half hours after-sunrise. During each three-minute
listening period, the numbers of mourning doves and of bobwhite quail
heard calling were tabulated. Only calling male birds were counted.

These routes were not run in cloudy, rainy, or windy weather in
order that variability in calling activity would be affected as little
as possille by the vagaries of weather. Results from the bird-call

routes on the test and control areas were compared.

Analysis of Clutch aﬁh Brood Development

From data collected at repeated visits tc nests, comparisons of the

following elements of the reproductive processes of birds on the two

study areas were made:
(a) clutch size
(b) peak of nesting activity
(c) eggs that failed to hatch in the normal incubstion time
(d) percentage of eggs that hatched
(e) percentage of nests that hatched at least one egg
{f) percentage of eggs that eventuated in fledged young
(g) causes of mortalities in eggs and young

The uitimate purpose of these comparisons was to try to discever
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whethér bird reproduction and sitvival on the test area vas: being altersd

by. .a factor or fgétbté.hét 4ﬁiiﬁéingﬂu§6n-tﬁi iiig*pSﬁuliiibﬁu*offthg
control area, factors possibly a;;ributabie‘to'ignic quh~diltuib£ﬁce.
With this importance of mortality causes in mind, an attempt was made to

categorize the fate of each egg in nests under observation.
RESULTS AND DISCUSSION

Sonic Boom Disturbance

The occurrences of booms produced by overflights of supersonic air-~
craft in the vicinity of the test area are shown in Trble 1. These booms
produced a pressure change at ground level of approximately 1 pound per
square foot or more, and were monitored at the detector stations on the
Glen Rose Post Office Building and on the Bar L Ranch. All bird nests
followed to completion on the test area were exposed to these pressure
changes.

Five sonic boom detectors were installed on the control area the
first week in April, and thereafter were checked twice a week. For about
three weeks following initial installation of the detectors, considerabie
difficulty was experienced in keeping them in operating condition.

Heavy and persistent rains caused moisture collection on the inside of
the detector box, with concomitant malfunctioning of parts. Exposure of
the red flag indicating that the device had been "pressure-tripped"

was often the only obvious symptom of an inoperative condition, posing
a problem in interpreting the meaning of a "tripped" detector.

However, in spite of continual maintenance problems in late April,

2t At bR

RS
Sems %

eyt

20 st 2




B L e s

G R s St

Rt B e VYO

T et S A T e e A A S IR ARSI T P

“

uiuﬁllﬁ tvﬁxp: th?ié<dcgubtétsfuprg in operaticn -at all tires.. Onme.
g&ceptipd»ﬁll du:?ﬁgEthé éétibq April 23 to April 26, when only one de- A
tector was in\opgrution, and it haé been tripped sdﬁeﬁjpé:ddtiﬁﬁ that
peiiod. -
Durinarnly and June, most of the. three or four deéeétors on the
control area functioned properly, and if one or two were tripped, it
could‘qsu;liy be attributed to a thun@er;tofm 6ccurring on the area.
During the time interval May 24 - May 27, all four detectors in operation
were tripped, and from May 31 to June 4, three of four were tripped.
Heavy thunderstorms had occurred during each of tho;e time intervals, on
the control area. However, a local resident reported that he had heard
a sonic boom approximately concurrent with the May 24 - May 27 period.
In summary, malfunct? ning of sonic boom detectors on the control
area plus their response . other than sonic boom disturbance limited
their usefulness for yielding absolute information on occurrence on non-
occurrence of booms. But they were functional enough to indicate that,
if there was sonic~boom disturbance in the area, it was minimal and pro-

bably could be disregarded in the final analysis.

Inter-Area Comparisons of Reproduction and Growth

Data pertaining to reproductive success and early growth of young
on the two study areas were analyzed from a comparative standpoint. Each
parameter measured was in essence an attempt to discern differences be-
tween the two bird populations, differences that might in some way have
been caused by impinging sonic booms on the one area and lack of booms

on the other.
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Rglative Néstiqggpens;:ies~of Four B;rd’Sgecgé:.é~Dedcitiésfof

nesting birds on ‘the study areas éere assumed to -be roughly corrélated
with man-houtrs of search time per nest di-cbvered. Table 2 indicates

the number of new nests found each week of the four ptihciﬁal spécies
nesting on the test and control areas. An index to relative nesting den-
sities, and thus of habitat quality, for each of the four species, was
nests found per hour of search. For the entire study period, April 1lst
to mid-June, those ratios appear as in Table 2.

As will be seen later, the beginning of nesting of each of these
species on the test site lagged behind that on the control site a week or
more. For this reason, comparative "quality" of habitat was probably
higher on the test site than that indicated by the figures presented in
Table 2. Neverth Less, the relative unsuitability of the test site for
mourning doves, and its greater attractiveness to cardinals was very
obvious during field work.

Reasons for such a paucity of mourning dove nests on the test site
were not absolutely clear. However, doves apparently preferred to nest
on horizontal branches of medium-sized live oak trees in savanna situatione
(Figure 8), and in cedar elms by second chnice, and this "preferred"
type vegetation was more abundant and widely distributed on the control
area. The greater abundance of cardinals on the test site was probably
correlated with the availability there of more densely wooded areas.

Ultimate Fate of Eggs of Four Bird Species.-—-As eggs and nestlings

disappeared from nests, the fate of each egg or young bird was categorized

on the basis of available evidence. Table 4 segregates eggs by species
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and destiny. Test and control arei a‘:ego‘ma sre. paired for ready

eomparisdn. A number of theae paranaters ‘are: te-ted statiltically for

differencea later in this. section.

Hatching and NestiquSuccess

]

All active bird nests diacovered on -the study areas were«followed

to termination. Table 5 shows nests féllowed to complétionﬁahd percent

that hatched one or more eggs. As can be seen from this table, only one

species was found that was not ~ommon to both areas--a black-chinned

hummingbird nest on the test site. This simiiarity'in species make~up

suggested that (i) the habitat types on the test and control areas
were quite similar in respect to use by nesting birds, as had been
theorized early in the study on the basis of a quick field -appraisal,
and (2) none of the principal nesting species were excluded from either

area because of differences in other environmental factors {i.e., sonic

boom). Numbers of nests found of most species were too small to indicate

which area supported a higher density of a particular species.

Table 6 shows that large percentages (77.5% to 96.6%) of bird eggs

which were brooded for the normal incubation period hatched. Chi-square

tests for differences in hatching rates between the test and control
area eggs revealed no differences within species (Table 7). Thus,

sonic boom disturbance apparently had little or no effect on hatchability

of eggs on the test area.

Percent of nests that hatched at least one egg was arbitrarily

chosen as a measure of nesting “success" by species for each study

area. Figure 9 graphically demonstrates that nesting success for mourning

doves and mockingbirds was scewingly greater on the control area than
11
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on the test area¢($8;7z;v33;38;721fof doves and 63.3% va. 33.3% for

mbckiﬁgbifdsj. 'Tablgrallibts‘succqsé by percentage. Chi-square tests
for differencés show that nesting success for mourning doves was indeed
gréater‘on the control thanhén the test site, with 95 p:rcent confidence,
but indicamaino difference in successes by mockingbirds, cardinals, or
lark sparrows at this level of probability (Table 9). As will be seen
later, predation upon eggs was the principal apparent factor contributing
to the greater nesting failure on the test area by doves and mocking-

birds. I could find no evidence to link this d;fferénce in nesting

suc_8s with sonic boom disturbance.

Production of Young

Less than half of the eggs laid by any species eventualiy produced
fledgings, that is, young birds that flew from the nest. Figure 10
shows fledging rates as percentages of total eggs folloved to termination.
The four principal specles are compared.

Table 10 tabulates numbers of fledgings by species, and lists the
percentages shown graphically in the preceding table. Chi-square tests
for differences in proportions of eggs eventuating in fledged young
(Table 11) indicate that mockingbirds showed higher fledging production
on the control area than on the test area (39.1% vs. 14.5%). No differ-
ence (at 95 percent probability) between areas could be detected for
the other birds. Table 4 indicates that a greater effect of predation
on the test area might have been a principal factor in the low fledging

rate of test mockingbirds. And indeed, in the following section,
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predation is shown to have atsiggificsggly greater impact on the test

area over the control area for mpckipghifds.

Effects of Predation

Predation was the major cause of egg and nestling mortality on all
bird spcies studied. Loss of eggs or young from the nest were the most
common results of predétor activity, bpt hot uncommonly adult birds were
taken from the nest by predators. .

Table 12 gives'total'@osses:by predation for four bird species on
the test and control areas. As indicated before, mo?kingbirds suffered
a significantly greater predation-caused mortality on the test area than
on the control area (65.8% vs. 44.3%, respectively). Chi-square tests
(Table 13) bear this out. Reasons for the higher test-area predation
rate were not evident. Mourning doves, cardinals, and lark sparrows

showed rather similar rates of predation loss from both areas.

Clutch Sizes of Three Bird Species.~-~The number of eggs laid per
nest, or clutch size, is an important factor in the reproductive success
of a bird population. Environmental factors may have marked effect on
the number of eggs laid by birds having a variable élutch size, and
thus upon total reproductive success of a species.

Figure 11 compares clutch sizes of mockingbirds, cardinals, and
lark sparrows on the test area and on the control area. (Mourning doves
were omitted from this comparison since they have a genetically-deter-~
mined clutch size of two, and seldom deviate from this number regardless
of cther factors.) Hean clutch size was not found to be significantly
different between test and control populations for any of the three

gpecies tested. Table 14 gives clutch sizes by study area and species,
13

. o .«»'«f\',,' X
IS g SR Ao e O L PR Wty e, ot Sl vt SRR A

[P SV




and t-values of nests for differences. Occurrence of sonic booms on
the test area had no: discernable effect upon number of eggs laid by

nesting birds.

Tempora1 NestingrActivity of Four Bird Species.--Intensity of

nesting activity was gauged. by the number of new nests found per hour
of search each week. By plotting nests-per-hour from week to week, a
diagram of nesting activity throughout the spring was constructed
(Figure 12). Examination of these graphs shows that initiation of
nesting on the test area lagged about a week behind that on the control
area for mockingbirds, cardinals, and lark sparrows, and two weeks or
more behind for mourning doves. The peak of nesting activity on the
test area was delayed even more-~-two to three weeks later than the
apparent peak on the control area.
Reasons for the nesting delay on the test area were not clear.
Some observed differences that might have affected initiation of
nesting are:
(1) The test area was thirty miles to the north of and at a
slightly greater elevation than the contrcl area.
(2) Tree specles used for nesting (particularly live oaks and
cedar elms) acquired new leaves later in the spring on the
test site than on the control site.

Calling Activity of Doves and Quail.--Calling intensity by male

birds of a species frequently indicates physiological readiness for
breeding. In mourning doves and bobwhite quail, considerably research

has been done on the breeding activity of birds as reflected in males

14
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heard calling along a 20-mile survey route.

There is a seasonal cycle in dove cooing, beginning in early
spring and usually reaching a peak in late spring or early summer.
Most investigators have found that peak nesting and peak cooing of
doves occur at about the same time (Frankel and Baskett‘l961; Mackey
1965). Calling activity by bobwhite males beging in mid~spring before

actual breeding begins. The bulk of bobwhite whistling is carried on
by unmated males (Elder 1956). With the onset of pair formation and
nesting, calling decreases in intensity.

Figure 13 compares calling activity of male mourning doves in

the vicinity of the test area and near the control area. From early
¥March to Mid-June there was considerable fluctuation from one survey
time to the next on both areas, but no marked trends on either area.
More birds were heard on the average per stop on the control area route
than on the test area route (4.33 vs. 2.71), respectively). Again,
this difference was probably caused by better habitat quality of the

control area for mourning doves, and agrees with comparative results

of nests found per hour on the two areas (Table 3). The large number

of doves heard in early spring relative to nesting activity at that time

was likely due to calling by transient migrants on the areas.

Numbers of quail heard calling along these same routes are depicted
in Figure 14. Trends as well as average numbers of birds heard per
stop are almost identical between the test and control routes. The

contrel area route averaged 2.60 birds heard per stop after commence-

ment of callirg activity, and 2.76 birds were heard per stop on the

15




test area route. Calling activity increased rapidly from early April
and peaked in early June on both areas. This indicates that the
temporal changes in physiclogicsl hreeding condition, and tﬁe pair
formation in quail were the same on the two areas.

In summary, compariscns of physiological breeding ‘condition and
of breeding activity in males among doves and quail as evidenced by
calling activity appeared quite similar on both the test and control
areas. Sonic boom disturbance on the test area did not appear to

adversely affect these phases of the reproductive cycle in the two

species compared.
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SUMMARY AND EVALUATION

Two sites were selected to study reproduction of wild birds and
early survival of their young as possibly influenced by recurxrent sonic

boom disturbance. A test area, located near the flicht path of supersonic

aircraft passing near Glen Rose, Texas and a control area free from

"boom" disturbance, about 30 miles south of the flight path, were used

for study of nesting birds. Sonic boom detectors were maintained near

the test and control area to monitor pressure changes incident upon the
areas.
The following parameters of reproduction and survival of young were

compared between areas for mourning doves, mockingbirds, cardinals and

lark sparrows:

(1) nesting density

(2) hatching and nesting success

(3) production of flc.gings

(4) effects of predation

(5) clutch sizes

(6) breeding activity as evidenced by calling behavior

0f 301 nests followed to termination on the two areas, 193 were
mourning dove nests, 54 were mockingbird, 29 were cardinal and 25 belonged
to lark sparrows. Statistical tests for differences in the above listed
characteristics showed some dissimilarities between the two areas, parti-

cularly in nesting density, nesting success and production of young in

mourning doves and/or mockingbirds,
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Analyses of comparison between the test and control area indicated that:

(1) The test area was inferior habitat for mourning doves and
mockingbirds as compared to the control area. Cardinals, a species pre-
ferring wooded areas, did well on the test area.

(2) Nests found indicated that the species composition of nesting
birds was vefy similar between the two.areas.

(3) Hatching rates of eggs were not different between the test
and control areas.

(4) Nesting success (percent of nests hatching at least one egg)
for mourning doves was significantly greater on the control area. This
difference was laxrgely due to a greater incidence of egg predation on
the test area. No difference was found for other species.

(5) A greater percent of mockingbird eggs produced fledgings on
the control area than on the test area, apparently because of more pre~
dator pressure on eggs and young on the test area. Other apecies showed

no difference.

(6) Average clutch size was found to be not significantly differ-
ent between the test and control areas for any species.

(7) The beginning of nesting of birds on the test area lagged
behind that on the control area one or two weeks, and nesting peaks were
similarly delayed. Reasons for the delay were possibly naturally
occurring envirommental differences.

(8) Spring calling activity by males of mourning doves and bob-
white quatil showed essentially the same trend on both areas. Fewex

mourning doves were hesrd calling in the vicinity of the test area, as
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expected, since the control area weas apparently better habitat than the
test area.

Some of the differences in production and survival of birds between
test and control populations were probably caused by habitat differences.
Complete explanations for all dissimilarities could not be made; however,

I could find no indication that sonic booms impinging upon the test area
birds affected their nesting cycle.
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SECTION II. LABORATORY STUDIES

:(PW(T?{V B AT

EFFECTS OF PRESSURE ON REPRODUCTION AND GROWTH OF BOBWHITE QUAIL

SRENE R i | S e e S 2 e R S s S

Conducted by
Dr. James G. Teer

March 1, through August 15, 1973°
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INTRODUCTION

Studies were conducted between March 1 and August 15, 1973 to
determine the effects of pressure similar to that delivered by aircraft

flying at supersonic speeds on bobwhite quail (Colinus virginianus).

These studies were designed specifically to identify and measure
alterations or changes in two basic biological processes--reproduction
and growth--in the life cycles of a common bird having widespread interest
and distribution in the United States.

The bobwhite quail was used in the experiments because of its popu~
larity as a game bird, its adaptability to pen and cage studies, and the
ready availability of eggs from commercial game bird breeders. In
addition, the egg of the bobwhite quail is typical of the eggs of members
of the Order Galliformes which includes most of the game birds in the
United States and domestic poultry. The quails, pheasants, grouse, and
domestic poultry are members of the order, and except for waterfowl
(Order Anseriformes) and pigeons and doves (Order Columbiformes), the
Order Galliformes contains most of the birds used in sport hunting and
raised for the table.

The research program included three major phases:

1. Measurement of hatching success of egges of hobwhite quail sub-
jected to three pressures delivered dally at three frequencies during
the first 18 days of incubaticen,

2. Determination of growth patterns of young bobwhite quail hatched
from eggs subjected to pressure treatments, and
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3. Determination of survival patterns of young bobwhite quail
hatched from eggs subjected to pressure treatments.

The hypothesis under which these experiments were conducted was
simply that pressures above normal standard atmospheric 'pressures would
decrease hatching success, reduce growth rates, and increase mortality
of young chicks from residual effects of the pressure treatments on the

eggs during incubation.
EQUIPMENT, PROCEDURES, AND QUALITY CONTROL

Four cabinet electric incubators equipped with thermostatic controls
were used to incubate the eggs. The four incubators had a total of 30
trays. Each tray was capable of holding about 300 eggs without crowding
of the eggs or the chicks when hatched. The incubators were set up and
the temperature regulators were calibrated to maintain a constant
temperature of 99.75°F. Moisture pans were kept full of water to humidify
the incubators; wet bulb thermometer readings were kept in the upper
80's. The incubators were fumigated with potassium permanganate and
formaldehyde before the eggs were set.

An apparatus designed to simulate the pressures of ailrcraft flying
at supersonic speeds was supplied by the Federal Aviation Admirnistration.
The particular apparatus was the same as used by Rucker {(1973) ia his
studies of the effects of sonic boom on hatching of salmonid fishes.
Characteristics and operations procedures of this apparatus were tested

and described by Tensor Industries, Inc. (1973). The sonic boc.n simulator
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was calibrated with an oscilloscope both before and at the end of :he
18-day experiments. These tests showed that there were no changes in
pressures delivered by the apparatus at the various dial seitings
throughout the study, and the pressures delivered by the apparatus were
correct. ‘

A STATOS - I recorder was also provided by the Federal Aviation
Administration and was to have been used in recording the pressures in
each experimental regime; hoﬁever, this equipment was inoperative through-
out the experiments due to a malfunction in the pump and/or electrostatic
process for depositing a toner solution on the paper to display the
recorded impulses. The use of the oscilloscope in maintaining quality
control in the experiments was deemed successful,

The sound chamber and control unit were placed alongside the
incubators on a sturdy table. The incubator trays were taken from the
incubators and placed one at a time in the sound chamber. The pressure
appropriate to the experiment was delivered. The trays were then returned
to the incubator in a rotational pattern to vary every tray's position
in cthe incubators at least one time per day. This pattern was maintained
throughout the study to mitigate the effects of position in the incubators
on hatching success.

Eggs in each tray were turned once each day by gently rolling them
with the flattened palm of the hand. This procedure is necessary to
prevent the allantoic and amniotic membranes from adhering to the shell.

All eggs {n all traye were handled in such manner to maintain uniformity
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of treatment. Care was taken in handling the trays when passing them

from the incubators to the sound chamber and back again to prevent

shocks and jolts.

An egg candler was constructed to test viability and development of

the eggs. This candler consisted of a small box, a cube of about 10

inches on the side, fitted with a small opening to a light source in the

box. A 40-watt bulb was placed in the box and eggs were placed on the

velvet-lined apparatus to test developing embryos and/or infertile eggs.
Holding pens (Fig. 15) and devices for caring for the hatchlings

and young birds were conventional gear used in most gawe bird breeding

and propagation programs. Heat lamps and brooders were essential during

early life of the birds because hatching of birds occurred in the first
week of April. This month is a cool month in central Texas, and some
very seasonable weather occurred shortly after the birds were taken from

the incubators.

Additional information on experimental design and procedures is given

with each experiment.

RESULTS AND DISCUSSION

Hatching Success of Bobwhite Quail

As explained above, this experiment was conducted with the hypothesis
that hatching success of bobwhite quail eggs is reduced as pressures are
inereased and as the frequency of application of the pressures is

increased.

Nine thousand eggs of the eastern race of the bobuhite quail were
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purchased from a commercial game breeder--Manchester Farms, 733 Reynolds
Road, Sumter, South Carolina 29150. The eggs were shipped éirefrgight in
styrafoam chests. Fresh eggs from adult layers were requested from
Manchester Farms. On arrival, the eggs were selected for incubation

by examining each egg for size, shape, cqapks, or striations in inner
membranes suggesting breaks. Uniform; unblemished eggs were selected for
the experiments.

A total of 7,425 eggs were placed in 30 trays in the four incubators
(Table 15). The experiment was designed for pressures of 2.0, 4.0, and
5.5 pounds per square foot (PSF) to be delivered once, twice, and three
times per day. Each treatment regime had three replicates; one set of
three replicates were not treated. The treatments were begﬁn on the first
day of incubation and terminated cn the eighteenth day. Thus those eggs'
treated three times a day received a total of 54 treatments; those twice
a day received 36 treatments; and those once a day received 18 treatments.

Every replicate in every treatwent regime had 250 eggs per replicate
except the three repiicates treated with 5.5 PSF of pressure once per
day. These replicates contained 225 eggs because sufficient numbers of
gocd eggs were not avallable to £f1ill out the replicates to 250 each.

At the end of the eighth day of incubation, the eggs were candled to
remove infertile eggs and those that showed positive evidence of dead
embryos. In the later cases, the embryonic material was not organized
and without a clear eye spot. Often, a circular smear of blood or a
semilunar~shapad yolk deposit was adhered to egg shell, These deposits

would not move as the egg was turned. Every egg in the experiment was
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candled and only the developirg ones were retained to continue incubation.
To keep the young éuail in the tray in which they were hatched, a

fine guaze netting was stapled over the tops of the trays on the 19th

day of incubation (Fig. 16). At hatching the birds were counted and

removed from the trays and placed in cardboa. . cartons to transport them

to the brooder Q;ns. All capped eggs ‘(evidence of hatching) were counted

and each remaining egg was examined to determine if the embryo had

developed and died in the shell,

Eighth Day of Incubation

Of the 7,425 eggs starting incubation and subjected to the various
treatments of pressure regimes, 6,380 eggs were still viable and develop-
ing at the end of the eighth day of incubation (Table 16). These
developing eggs represented a survival rate of 85.9 percent of the total
set; individual treatment results ranged from 82.9 to 87.9 percent.

A factorial analysis of variance was conducted to test for differ-
ences in survival of the eggs (Table 17). In this analysis tests were
made among the treatment results, and all treatment results were con~-
trasted with the control. There were no statistical differences in
treatitent results; however, a statistically significant difference
(p = 0.05) was found between the control group and the treated groups.

Nonetheless, when the percentage of survival of the eggs of the con-
trol group is compared with the overall survivai of the eggs that were
treated, it is seen that the control group had a smaller survival

(82.9 versus 86.3 percent). It is clear from this compariscn that the
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treatments did not reduce the survival of smbryos to the ninth day of
incubation.

There is no reason to suspect that the treatments destroyed the
embryos or arrested their development. It is likely that many of the
eggs were not fertilized:because,esgs were obtained frém quail during the
vefy first egg-laying stéges in the spring season. It is surmised that
some of the birds were not paired at thé beginning of egg laying.
Moreover, some eggs iuvariabl& are infertile despite the stage of the

egg-laying cycle.

Hatching Success

As explained in the methods section, scme of the treatiment samples—-
namely those involved in the 2.0 PSF of pressure experiments--were
adjusted to have a uniform set of eggs at the beginning of the ninth day
of incubation. Thus at the beginning of this stage of the experimernt,
the total sample contained 6,331 viable eggs (Table 18). These eggs
were carried through to hatching which occurred on the 21st through the
23rd day of incubation.

Hatching success was measured and expressed as a percentage of the
total number of eggs set on the ninth day of incubation. The total set
of 6,331 eggs produced 5,048 chicks which were removed alive from the
incubator trays (Table 19). These chicks represented an overall hatching
success of 79.7 percent. This figure is low according to normally
achieved hatching percentages attalned ir r d-season; however, it is in

general agreement with hatching success attailned in early season gets.




Hatching success of the control group was 75.8 percent, a lower

percentage than that of any of the treatments. A factorial analysis of

variance was conducted to test for differences between the treatments
and the control and between each of the treatments of pressure and fre-
quency of application (Table 20). These tests showed asignificant
differences between the results obtaine& from the various frequencies

(p = 0.01) and also between the results obtained from the various

pressures (p = 0.05). The control results were not different from treat-

ment results.
In interpreting these differences, the data were¢ examined for uni-

formity in trends of effects (Fig. 17). The most frequently applied

pressures (three times per day for 18 consecutive days) resuited in the
highest hatching success, and the intermediate pressure regime (4.0 PSF)

resulted in the highest hatching success of any of the treatments. Trends

were not constant in one direction.

Thus, while there is statistical diff.rences at a high level of
probability, the hypothesis that pressure decreases hatching success

has not currency or biological verity.

Growth Rates of Bobwhite Quail

The hypothesis that pressure in excess of standard atmospheric
pressure on incubating eggs would alter growth patternms of the bobwhite
quail tho' -h some residual effect was tested by following the weights of
the birds from each treatment group through twelve weeks of age. A sample

of birds was weighed soon after they had hatched and dried, and, without
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exception, the birds from each treatment set averaged eight grams. At
the end of the first week of life and at weekly intervals tHereafter,

a sample of 25 birds was randomly caught from each of the ten groups and
weighed on a spring balance. Weights were taken in grams and the data
presented in Table 21 are means of each sample of 25 birds rounded off
to the nearest gram.

The means of the weights through the first eight weeks of life were
tested for differences with a factorial analysis of variance in which all
elements of the treatment regimes (pressures, frequency, and weeks) were
separated out (Table 22). The control group was tested against all
treatment sets. Highly significant differences (p = 0.01) were found for
practically all tests including pressures, frequencies, weeks, and inter~
actions.

However, with these data also, when one examines the trends of the
gains that went '.to the analysis, it is apparent that gains varied up
and down between groups without any definite trend for any treatment set.
The variability was due tc an outbreak of enteritis which started within
a month after hatching. Birds with the disease stopped eating and losases
of weight followed. It seemed that as soon as medication arrested the
problem in one group, it broke out in another experiment set. All groups
were affected at one time or ancther, and the experimental results wers
confounded very badly by the disease.

By the ninth week, the disease had affected all of the groups of
birds; therefore, the a:alysis of variance tests were 1ot extended
bevond eight weeks. Heavy medication was begun and the birds were moved
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from their pens and put into new facilities where the disease had not
cccurred. They were combined intv four groups according to’ pressures

in the treatment regimes. After a few days they began to show improvement,
At the end of twelve weeks, only a few grams separated the weights of

the birds in the four groups (Table 24).

While this experiment is not as clean as desired, I could not find
any real evidence to suggest changes in growth patterns of birds hatched
from egys that had been subjected to inordinate pressures. Enteritis is
a common disease of game birds and can be expected in any group of birds
raised in close confinement. There is no evidence to show that pressure

applied to the eggs predisposed the disease in the hatchlings.

Mortality and Survival

Losses of birds in each of the four treatment groups were csunted
and recorded each week through the eighth week of life to test the hypoth-
esis that pressures gimilar to those delivered by supersonic aircraft on
incubating =ggs of hobwhite quaill had a residual «ffect on mortality of
the hatchlings. These data were assembled and life tables were constructed
for each of thz groups of birds in the four teatment regimes, these being
the 2.0 PSF, 4.0 PSF, 5.5 PSF, and control groups (Table 24). Such calcu-
lariong as are made in life tables give ready comparative data for vital
staiz. “les of populations, and it is not necessary for our comparisons
that assumrtions underlying the calculations for wild populations be met.
That is to say, such assumptions that there are no differences in recuit-

menit, and that the population is a stable population need not be made for
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birds with a finite number in penned conditions. The 1ife table
calculations simply relate to the birds in the penned poprlation during
the eight weeks study of their mortality and survival rates,

In these tables, which are calculated from deaths in the populations,
the data are transformed to 1,000 members. This transformation is
customarily done by demographers to express mortality (qxh further
expectation of life (ex), and survivorsghip (1x) in terms of 1,000 animals.
The age interval of time (x) used in the calculations was two weeks;
thus the estimates of further expectation of life must be multiplied by
two to arrive at the absolute value for each of the two-week intervals.

In interpreting the data in Table 24, it is more important to compare
mortality and further expectation of life of the four groups of birds

than simply to relate these same estimates to some norm in pen-reared
stocks or wild populations of galliform birds. The important point for
our purposes is to see if there are differences in these estimates between
the four groups, and the two vital parameters, mortality rates and

further expectations of life, are further summarized in Tables °5 and 26.

It is quite apparent from the life table data in the summary tables
that mortality rates for all but the 4.0 PSF treatment group were similar.
The 4.0 PSF group was largely free of enteritis during the first few
weeks of life and thus mortality was not as high as in the other groups.

Estimates of further expectation of life was virtually the same for
each age interval in each group.

I concluded that pressures had no effects on mortality and survival

of the hatchlings.
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SUMMARY AND EVALUATION

A total of 7,425 eggs of bobwhite quail were selected from 9,000

incubators for hatching.

eggs purchased from a commercial dealer and placed in 30 trays in four ‘ﬁ
Simulated sonic booms were delivered in three |

pressures and at three frequencies to 9 subsets containing three repli- i

cates of eggs. Another set of three replicates was not treated and was k!

s

S et

used as a control. The treatments were begun on the first day of incu-

bation and were continued for 18 comsecutive days. The experimental

REIAII 4148

design was made to test the hypotheses that pressures similar to those

delivered by aircraft flying at supersonic speeds would reduce hatching

Fao e s D RETIA D

success, reduce the growth rate, and increase mortality of chicks hatched

from eggs subjected to such pressures.

At the end of the eighth day of incubation, all eggs were candled

o o o2 SR Py AL

to remove infertile eggs and those with dead embryos. Tests were made
to determine if pressure treatments resulted in differences in mortality
of eggs throwgh the eighth day of incubation. The eggs were then !
followed to hatching on the 2lst, 22nd, and 23rd days. Tests were made
to determine if pressure treatments had effects on hatching success.
The birds were weighed weekly to determine growth patterns.
\ Mortality rates were established by counting dead birds from each treat-
ment group. Mortality was expressed and exhibited through the use of life

tables.

2nalyses of the experiments showed that:

I
3
i
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(1) A total of 6,830 eggs were still viable and developing at
the end of the eighth day of incubation. These eggs represénted a
survival rate of 85.9 percent and individual treatment survival rates
ranged from 82.9 to 87.9 percent. A factorial analysis.of variance
showed no statistical difference in results or survival of any of the
treatment groups.

(2) The experiment was continued with 6,331 eggs in the incubators.
These eggs produced 5,048 chicks which were taken alive from the incu-
bators. These chicks represented an overall hatching success of 79.7
percent which is in general agreement with hatching success of early
season sets.

(3) There were significant differences at high levels of prob-
ability between hatching success of the control group and the treatment
groups as well as significant differences between the hatching success
of eggs subjected to various pressures and frequences of application of
the pressures. However, when the data were plotted and examined for
trends, there were no uniformity or linearity in direction of the hatching
results. Some high pressures were associaired with high hatching successzes
and some low frequencies were agsoclated with high hatching successes.
Thus, the hypothesls that pressure decreases hatching success was not
accepted.

(4) Growth patterns of bobwhite quail hatched from eggs subjected
to inordinate pressure regimes were established and tested for differences.
There were some differences in weights of birds subjected to various

pressure treatments at the same age. However, weights, like hatching
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success, showed no uniformity in trends. Some .igh pressures and some
frequencies of applications of the pressures were associated with higher
weights than some of the lower pressures. An outbreak of enteritis in
young birds had sn effect on food ingestion and weight gains, and thus
these experiments were not as clean as desired. Nonetheless, there was
no cvidence to suggest or support the’ hypothesis that pressures similar
to those produced by supersonic aircraft affected weights of bobwhite
quail. By the twelfth week of life, the birds were practically the same
size with only a few grams separating their weights.

(5) Mortality rates were generally the same for each treatment
group for each age through the first eight weeks of life, and the esti-
mates of further expectation of life for all groups were very similar.
There was no evidence to support the hypothesis that pressures on eggs
had a residual effect on the hatchiings.

From these experiments, we concluded that pressures in the ranges
(2.0 through 5.5 *3F) used in the creatments and at the frequencies at
which they applied had no effects on the growth, reproduction and

mortality of bobwhite quail.
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Figure 3.

bty

R rrr bt e+t

s .

Telephonics sonic boom detectors
(Model 529) were used to monitor

sonic boom disturbance during the
study.

Reproduced from
bz‘:i available copy.
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Figure 4. Optimum habitat for dove, mockingbird, and lark
sparrovw nesting on the test area.

Reproduced from %
best available copy.

Figure 5. Optimum habitat for dove, mockingbird and lark
sparrow nesting on the control area.
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Figu;éﬁé. Examination .of nest contents usually required the
use of a mirror affixed to the end of an extensable
bamboo pole.

ed
%:str o;ivu;! _ ble

Figure 7. Predation upon adult birds was usually evident from
the presence of feathers in the immediate vicinity

of the nest.
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Figure 8.

Mourning doves preferred horizontal iimbs of
medium~sized trees for nesting sites.
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Figure 15. Nine-week old bobwhite quail in holding pens.

Each treatment group was kept separate through

the eighth week of life to follow growth rates
and mortality.

.
roduced from
!Eﬁ& available_copy.
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Fine cloth netting was stretched across incubator
trays to keep newly hatched young from escaping.
Counts of young were compared with counts of

capped eggs to obtain hatching success.

Figure 16.
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B3z L Rench, .aed on.ths control- area 8¢ infarrod frow detictors there:

Table 1. Presmure chengse:cf ) pound por mu}pthgéoiﬁu_‘ ‘#r greater-on the *t:u;z_"

. . I ) *Fudber
Nunber , Time 'Datectors
Date | of Booms Tice Ioterval ‘dripped: | Comments
Yabruary 2- 1 (1) 0800 -hrs, hpril &-8 let3
1 0930 hrs. boril 8-11 0of 2
5 1 1211 hrs, Aptil 11-16 l1of3
6 1 1412 hea. .
9 1(1) ¢)) April 16~-19 0cfl  Other detsctors
baing repaired
12 1 1549 hes. ' " "
13 1 1053 hrs. April 23-26 lorl " "
20 1l 0800 hra. April 25-30 l1of3 Tripped detector
malfunctioning
March 2 1 1351 Res,
16 1 0951 hre. April 30-¥ey 3 lof 2
1 1615 hrs. May 3-7 lof3
21 1 1356 hra. May 7-10 0of 3
April 4 1 1653 hrs.
1 1 1021 hrea. May 10-15 20f3 Rainstorm on
May 1%
16 1 () ey 15-17 ODof 3
19 1 1145 hre. Nay 17-21 lof 3
27 1 1106 hre. Nay 2i-24 0aof &
May 2 i 1411 hrs. My 24-27 4 of & Thunderstorms on
Hay 25
3 1 1205 hrs. Hay 27-31 0of 4
4 1 1200 hrs,
1 1309 bre. Nay 31-June & 3of 4 Thusderstorn on
Jusa 3 & &
7 1 1200~1400 brs. Jusis 4~7 lofé
9 1 1214 thra. June 7~11 0of &
0 1 1141 kra.
15 3 1223 hre. June 11-16 20f 4
1 1454 hra.
21 1(D m ~ .
2% 1 1208 krs. *
2% 1 1049 trs.
i 1242 hzs.
a0 1 31400 hra.
31 1 1500 hrs.
June 7 1 1505 nrs.
1 0920 hre.
14 1 1206 tre.
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Table 3. ‘Relative habitat quality of the test and control areas
for the four principal bird species as judged by nests
found per hour -of seaich.

--_Nests Per Hour Habitat Quality Ratdios
(Habitat Quality Rating) .

SPECIES. TEST +  CONTROL TEST CONTROL
Mourning Dove .32 1.22 26 . 1
Mockingbird .16 .23 .70 1
Cardinal 13 .06 2,16 1
Lark Sparrow .09 .09 1 1
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Table 5. Total neats followéd to completion on the test and control areas

e e v o e AT P VTTRS Do e T e .

and percent that hatched at least one egg.

TEST AREA CONTROL AREA
Number'|  Hatching ét jNumbeﬁ . ‘Hatching at
‘SPECIES: Nests least one egg " Nests |  least one egg
; Found- g ———met  Found - s
- No. Percent -~ - T No. Percent
Aﬁoﬁrning

Dove: 44 17 38.7 149 89 59.7
‘Mockingbird 24 8 33.3 k] 19 63.3
Cardinal 20 10 ’ 50.0 9 4 445
Lark Sparrow 13 2 15.4 12 3 25.0
Yellow-billed ) :

Cuckoo 4 1 25.0 2 r ~ 50.0
Field Sparrow 1 0 0.0 2 2 100.0
Red~tailed

Hawk 2 1 50.0 1 1 100.0
Great Horned

Owl 2 1 50.0 1 1 100.0
Loggerhead

Shrike 1 0 0.0 4 3 75.0
Western

Meadowlark 1 0 0.0 1l 1 100.0
Poor-wili 1 1 100.0 1 0 0.0
Scissortailed

Flycatcher 3 1 33.3 1 0 0.0
Black=~chinned

Hummingbird 1 1 100.0 - - -

TOTALS 117 213
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Table 6. Hatching success of ¢ggs that were brooded for the normsl incubsation period
on the test and control area.

TEST AREA '~€Q§TRQL"~ABEAfW~uﬁ_~

Total Pggs Eggs That Total ‘ Fgge Pggs That

Eggs Hatched Paiied Eggs Hatched Failed

Incubated To  Hatch Incubated To Hatch

Mouraing Dove 29 28 (96.6%) 1 (3.4%) 158 152 (96.2%) & (3.8%2)
Mockingbird 23 19 (82.6%) 4 (17.4%) 57 52 (91.2Z) 5 (8.6%)
Cardinal 31 26 (77.4%) 7 (22.6%) 8 7 (87.5%) 1 (12.5%)
Lark Sparrow 7 7 (100.0%) 0 (0.0%) 13 11 (84.6%) 2 (15.4%)
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Table 7. Chi-square tests for differences in hatching success of

bird eggs on the test aud control areas.

MOURNING DOVE

SUCCESS FAILURE TOTALS
0 E | (0-B) o | E | (=B 0 | (0-2
- 2 E E
TEST 28 27.9 +0004 1 14 .0030 29 .0094
CONTROL 152 152.1 .0001 6 5.9 .0020 158 .0021
TOTALS 180 180.0 . 0605 7 7.0 <9110 187 .0115
Chi-gquare = ,0115
Proportions not different at 95% confidence
MOCKINGBIRD
SUCCESS FATILURE TOTALS
1
0 E @B’ | ol [(p? o |(o-p?
E E E
TEST 1¢ 20.4 .096 4 2.6 .754 23 .850
CONTROL 52 50.6 .039 5 6.4 .306 57 «345
71 71.0 .135 9 9.0 1.n60 80 1.195

Chi-square = 1.195

Proportions not different at 95% confidence
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Table 7. (Continued)

CARDINAL
SUCCESS FAILURE TOTALS
0 e | @Bl ol & |om?| o | w©n?
E E l E
TEST 24 24.6 015 7 6.4 . 056 31 071
CONTROL 7 6.4 . 056 1 1.6 +225 8 .281
TOTALS 31 31.0 .071 8 8.0 .281 39 .352
Chi-square = ,352
Proportions not different at 95% confidence
LARK 'SPARROW
SUCCESS FAILURE TOTALS
2 2 2
0 E (0-E) 0 E (0-E) 0 (0-E)
E E
TEST 7 6.3 .078 0 .7 700 7 .778
CONT=OL 11 11.7 <042 2 1.3 377 13 <419
TOTALS 18 18.0 .120 2 2.0 1.077 20 1.197

—

Chi~square = 1.197
Proportions not different at 95% confidence
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Table 9.

Chi-square tests for differences in percent of nests on

the test and control areas that hatched at least one egg.

MOUGRNING DOVE

SUCCESS FAILURE TOTALS
! 2 2 2
0 E | (0-E) 0 E (0-E) 0 (0-E)
l E : E E
TEST 17 24.2 2.142 27 19.83 2.618 44 4.760
CONTROL. 89 81.8 634 60 67.2 1.296 149 1.930
TOTALS 106 106.0 2.776 87 87.0 3.914 193 6.690
Chi~square = 6.690
Proportions different at 95% confidence
MOCKINGBIRD
SUCCESS FAILURE TOTALS
2 . 2 2
0 E {0-E) 0 E {0-E) 0 0-E
E E E
TEST 8 12.¢ 1.333 16 12.0 1.333 24 2.666
CONTROL 19 15.0 1.067 i1 15.0 1.067 37 2.134
TOTALS 27 2.400 27 2.400 54 4.800

Chi-gquare = §4.800

Proportions not different at 95% confideunce
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Table 9. (Continued)

e b
]
Jie @ s o @

- CARDINAL
SUCCESS FATILURE TOTALS
o | E ep? || of2 | @B?|l o (=2
E . E E
TEST 10 9.7 .00 10 10.3 .009 20 .018
CONTROL 4 4.3 .021 5 4.7 .019 9 . 040
TOTALS 14 4.0 .030 15 15.0 .028 29 .058
Chi-square = .058
Proportions not different at 95% confidence
LARK SPARROW
SUCCESS FAILURE TOTALS
0o | E @op?|l ole | @®*| o |(@B?
E E E
TEST 2 2.6 .139 11 10.4 .035 13 174
CONTROL 3 2.4 +150 9 9.6 .038 12 .188
TOTALS 5 5.0 .289 20 20.0 .073 25 <362

Chi- square > .362
Proportions not different at 95% confidence
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Table 11. Chi-square tests for differences in proportions of eggs

on the test and control aveas that eventually produced
fledgling birds.

MOURNING DOVE
SUCCESS 7 FATLURE TOTALS
2 ' 2 2
0 E 0-E ol. & | 2| o (0-E)
E R I TE

TEST 22 29.1 1.73% 69 61.9 814 91 2.546
CONTROL 97 €9.9 561 184 191.1 0264 281 .825
TOTALS 119 1190 2,293 253 253.0 1.078 372 3.371

Chi-gquare = 3.371

Proportions not different at 957 confidence.

MOCKINGBIRD
SUCCESS FAILURE TOTALS
2 2 2
o E (0-B) 0 E | (-E) 0 0-E
E E E

TEST 11 22.3 5.7271 65 53.7 2.378 76 8.105
CONTROL 45 33.7 3.789 70 8l.3 1.571 115 5.360

TOTALS 56 56.0 9.516 135 135.0 3.%549 191 13.465

Chi-~gquare = 13.465

Proporticns different at 95% confidence.
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Table 11. {Continued)
CARDINAL
SUCCESS FATLURE TOTALS
2 2 ' 2
0 E (0-E) 0 E {0=E) 0 {0-E)
E ‘E E
TEST 10 9.9 .0010 50 50.1 .0002 60 .0012
CONTROL 3 3.1 .0032 16 15.9 .0006 19 .0038
TOTALS 13  13.0 0042 66 66.0 .0008 79 .0050
Chi-gquare = .0(050
Proportions not different at 95% confidence.
LARK SPARROW
SUCCESS FAILURE TOTALS
ol | @o?llole | @n?llo 0-p)2
_ E E E
TEST 4 5.8 +559 41 39.2 .083 45 642
CONTROL 7 5.2 +623 33 34.8 .093 40 .716
TOTALS 11 11.0 1.182 74 14,0 .17% 85 1.358

Chi~gquare "= 1,358

Proportions not different at 95% confidence.
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Table 13. Chi~square tests for differences in proportions of bird
eggs on the tést and control areas that failed to produce

fledglings because of predation.

MOURNING DOVE

SUCCESS FAILURE TOTALS
o | = B2l ol -B)% || o0 (0-E)2
£ E E
TEST 40 40.8 .0157 51 50.2 .0127 91 0284
CONTROL 127 126.2 .0051 154 154.8 .0041 281 .0092
TOTALS 167 167.0 .0208 205 205.0 .0168 372 . 0376
Chi-gquare = ,0376
Projortions not different at 95% confidence.
MOCKINGBIRD
SUCCESS FAILURE TOTALS
0o | =® @B? o | E| B o (0-E)®
E E E
TEST 26 35.8 2.683 50 40.2 2.389 76 5.072
CONTROL 64 54.2 1.772 51 60.8 1.580 115 3.352
TOTAL S 906 90.0 4,455 101 101.0 3.97¢ 161 8.424

Chi-gquare = 8.424
Yroportions different at 95% confidence.
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Table 13. (Continued)

CARDINAL
SUCCESS FAILURE TOTALS
0| E 0-E o| B | wu2ll o 0-E)*
. E L E E
TEST 19 19.0 0 41 41.0 0 60 0
CONTROL 6 6.0 0 13 13.0 0 19 0
TOTALS 25 25 0 54 54 -0 79 0
Chi-square = 0
Proportions not different at 954 confidence.
LARK SPARROW
SUCCESS FAILURE TOTALS
L2 2
0 E 0-E 0 E 0-E 0 {0-B)
E E E
TEST 16 13.8 «351 29 31.2 .155 45 +506
CONTROL 10 12.2 397 30 27.8 174 40 571
TOTALS 26 26.0 « 748 59 59.0 .32%2 85 1.077

Chi-square = 1.077
Proportions not different at 95% confidence.
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Table 15. Experimental design of the treatments used in the study of the
effects of simulated sonic boom on hatching success of eggs of bobwhite

quail. Each treatment regime consisted of three replicates of 250 eggs

per replicate, except the sample treated with 5.5 PSF pressure once each
day; this sample contained 675 eggs. Application of treatments began on
the first day and ended on the 18th day of incubation.

PRESSUR FREQUENCY (NUMBER OF TREATMENTS PER 24 HOURS)
(1bs/£t%) 0 1 2 3 Total
250 :

0 250 . 750

250

250 250 - 250

2.0 250 250 250 2,250
250 250 250
250 250 250

4.0 250 250 250 2,250
250 250 250
225 250 250

5.5 225 . 250 250 2,175
225 250 250

Total 2,175 2,250 2,250 7,425
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Table 16, Number and pezcentagequ viable eggs of bobwhite quail remain-

ing at the end of the eighth day of incubation following sonic boom
treatments. All samples contained 750 eggs on the first day of incuba~-
tion except the sample treated with 5.5 PSF pressure once each day; this
sample contained 675 eggs.

PRESS ) FREQUENCY (HUMBER'OF TREATMENTS PER 24 HOURS)
(1bs/£ft") 0 1 2 3 Total Percent
0 622 622 82.9

(82.9) . (82.9)
2.0 6859 640 648 1,947 86.5
(87.9) {85.3) (86.4)
4.0 bbb 621 666 1,931 85.8
(85.9) (82.8) (88.8)
5.5 575 650 655 1,880 86.4

(85.2) (86.7) (87.3)

Total Viable 622 1,878 1,911 1,969 6,380
Percent Viable 82.9 86.3 84.9 87.5 85.9

1Percentage values are in parentheses underneath numbers viable,
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Table 17. Factorial analysis- of variance between survival of bobwhite
quail eggs subjected to. various pressure treatments.

‘Source of Degrees cf Sum of Mean

Variation Freedom Squares Square F
All Treatment Groups 9 69.988
Control 1 19.242 19.242  4.695%
Frequency 2 19,971 9.986  2.437
Pressure 2 1.762 681 "+ .166
Frequercy X Pressure 4 29.412 7.353 1.794
Error 20 81.962 4,098
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Table 8.

incubation.

and in the control were ‘kept at 210 ‘eggs per replicate.

Sample sizrs of eggs of bobwhite quail in each replicate of
tbn experiment after removal of infertile eggs after the eighth. day of
The numbe1 of eggs in the treatments of 2.0 PSF pressure

The number of

eggs in all otlier itreatment regimes werée kept at the number of eggs
that remained v\able after the eighth -day of incubation, 1. e., the sam-

ples were nct a'justed for uniformity.

PRESSURE FREQUENCY (NUMBER OF TREATMENTS PER 24 HOURS)
(1bs/£t") 0 1 2 3 Total
- 210
9 210 630
210
210 210 210
2.0 210 210 210 1,890
210 210 210
211 211 226
4,0 213 198 215 1,931
220 212 225
192 225 217
5.5 189 221 218 1,880
194 204 220
Total 630 1,849 1,901 1,951 6,331
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Table 20. Factorial analysis of variance between hatching success of

bobwhite quail eggs subjected to various pressure treatments.

Source of Degrees bf Sum of Hean

Variation Freedom Squares Square F
Control 1 17.20 17.20 1.21
Frequency 2 175.58 87.79 6.19%*
Pressure 2 138.71 69.35 4.89
Frequency X Pressure 4 56.68 24.17. 1.70
Error 20 283.82 14.19

*denotes significance at p = 0.05

**Jenotes significance at p = 0.01
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Table 22. Factorial analysis of varidnce betweéen weights of bobwhite quail
hatched. from eggs subjected to various pressure tréatments.

Source .of Dégrees of “Sum of . Mean

Variation F:,;e;egim . Squares Square F
Weeks 7 13,406,613.1  1,915,230.4  1,408.8""
Control 1 13,939.2 - 13,939.2 10.25"
Weeks X Control 7 9,754.3 A 1,393.5 1.02
Frequency 2 21,3908 10,6954 4 7.87%"
Pressure 2 160,173.6 80,0868 58,92™%
Frequency' § Préseure 4 26, 540,7 6,635.2 4.88""
Weeks X Frequency: 14 16,275.7 1,162.6 .86
Weeks X Presaure 14 » 69,100.9 4,935.8 3.63°
Weeks X Fraguency 28 38,061.6 1,359.3

X Pressure

Total 79 13,761,849.9

‘L-Used 28 error temn
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Table 23; Average weights. for the niath through the
twe}fth week of age of bobwhite quail hatched' frofm eggs
that had. beén subjected to' various pressure treatments
during incubation. Sample size of each mean = 25.

Week 2.0 PSF 4,0 PSF 5.5 PSF Control
9 135 136 143 13%
10 157 160 153 149
1 179 178 177 183
12 190 181 196 196
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Table 24. Life tables for each of the groups of birds that were

hatched from egga subjected to four pressure regimes.

A. Control Group

Week .
() - i ?x U “x
Birth 1,000
2 951 49 49 3.90
4 941 10 11 2,91
6 994 37 41 1.98
8 28 76 84 .06
B. 2.0 PSF of Pressure
Birth 1,000
2 955 45 45 3.84
4 930 25 26 2.90
) 880 50 53 1.99
8 814 66 75 1.04
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Table 24, (Con't.)

C. &.0 PSF of Pressure.

@ \
Lo ao VO
0% ¥

i o )

Week

(x) 1 4 ™ e
Birth 1,000

2 933 67 67 3.93.
4 911 22 24 2.96
6 889 17 19 2,00
8 869 20 22 1.01

D, 5.5 PSF of Pressure

Birth 1,000

2 945 55 55 3.80
4 929 16 17 2.82
6 824 105 135 2.04
8 792 32 1.02

39
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Table 25. Comparison of mortality rates (4} from life tables calculated
for hatchlings of bobwhite quail hatched from eggs subjected to four
pressure tqg;mes. Rates are expreased in deaths per thousand.

Age PRESSURES
Control 2.0 PSF 4.0 PSF 5.5 PSF
2 49 45 67 55
4 11 - 26 24 17
6 41 53. 19 113
8 8¢, 75 22 39

Total 185 199 132 224

Table 26. Comparison of further expectation of life (ex) from life tables
calculated for hatchlings of ‘bobwhite .quail:hatched from eggs subjected

to four pressure regimes. Ages intervals are two weeks and thus the
values have been multiplied by two to obtain absolute values.

Age PRESSURES
Control 2.0 PSF 4.0 PSF 5.5 PSF
2 7.8 7.7 7.7 7.6
4 5.8 5.8 5.9 5.6
6 4.0 4.0 4.0 4.1
8 2.1 2.1 2.0 2.0
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